Water and mass exchange between rivers and lakes are key processes that maintain the health of the ecology of river-lake systems. Alteration to river-lake interactions have great impacts on water and mass balances. Naturally connected to the middle Yangtze River are the Poyang Lake and Dongting Lake, which are the largest and the second largest freshwater lakes in China. The operation of the Three Gorges Dam (TGD) in the upper Yangtze River was found to have substantial impacts on the middle Yangtze river-lake system. In the past decade, unusual seasonal dryness was evident in the two lakes. Considerable deviations in lake water quality and wetland ecosystem were also detected. In order to explore and distinguish the causal factors influencing the river-lake system, the Ministry of Sciences and Technology (China) launched a research project in 2012, the National Basic Research Program of China (973 Program) (2012CB417000). This article provides an overview of advances in this research, including the evolution of the river-lake interactions, the impacts of the TGD, and the influences on lake hydrology, water quality, and ecosystem. The 20 papers in this issue deliver part of the research outcomes of this project.
INTRODUCTION
The exchange relationships of water, sediments, dissolved constituents, and energy between rivers and lakes significantly influence the geomorphology, water regime, water quality, and aquatic and riparian ecosystems of river-lake systems (James  River system is characterized by complex hydrological interactions between the river and the adjoining lakes, in a manner that is regarded as unique in the world (Hu et al.
; Yin et al. ).
River-lake exchanges of water and sediment are con- Links between changes to river-lake interactions and the seasonal shortage of water resources, deterioration of water quality, eutrophication, and ecosystem degradation within the lakes has become a major subject of debate. In particular, the potential impact of the TGD has been widely debated (Stone ; Qiu ; Feng et al. ; Lai et al. b) , across various levels of government, media, and the scientific community. Plans to further modify the region's hydrology through engineering works (Li ) warrant urgent additional analysis to explore river-lake interactions and the associated mechanisms that give rise to potential impacts from hydraulic engineering. An improved understanding of these processes will provide significantly improved scientific bases to develop regulation strategies for the optimization of water and sediment exchanges between rivers and lakes. Research into the hydrological performance of the middle Yangtze River basin will not only lead to enhanced water security and ecosystem functioning, but will resolve persistent research questions that remain unresolved within the scientific community and have an important bearing on the uncertainty of future predictions of hydrological trends of this region. 
OVERVIEW OF RESEARCH ADVANCES OF THIS PROJECT
The evolution and mechanism of river-lake interactions
The water and sand transfer properties between the Yangtze River and the Dongting Lake and Poyang Lake are regarded as typical river-lake interactions. Dongting Lake receives Influences of alteration of river-lake interactions on lake hydrological regime Lake hydrological regime is affected by the combination of catchment runoff and Yangtze River flow, and demonstrates a strong seasonal variation (Guo et al. ) . Alteration of river-lake interaction has affected the relative forcing of the catchment and Yangtze River on the lake, and subsequently affected the hydrological and hydrodynamic conditions of the lake. It has been found that during rising and low lake level periods, runoff from the local catchment is the dominant factor that controls the lake hydrological regime. However, the Yangtze River flow has a greater influence on lake water level during its recession period (Guo Influences of altered river-lake interactions on lake hydrology also depend on the meteorological and hydrological conditions of the lake catchment. The influences of the Yangtze River are enlarged for a relatively dry condition of the catchment, while the emptying effect of the Yangtze River will be weakened for a wet catchment condition.
Regulation of the Three Gorges reservoir during flooding seasons can effectively lower the water level in the lakes, and hence reduce the flood risk in lake regions.
Influences of river-lake interactions on trophic environment of lakes
Changes of hydrologic or hydrodynamic characteristics, sediment transportation and migration, and ecological conditions have been caused by evolution of river-lake interactions. The transportation, spatial distribution, and nutrient status between Dongting and Poyang Lake were also influenced.
As a consequence, the water environmental capacity of the lakes, the size of the area of water bloom, and the associated sensitive periods may also be substantially affected.
The trophic level index of Dongting Lake has shown a rising trend in recent years. The degree of eutrophication in East Dongting Lake was higher than other lake areas, and the nitrogen concentration increased significantly while the phosphorus concentration decreased gradually. 
Influences of river-lake interactions on lake and wetland ecology
The biomass variations of each phytoplankton species in Poyang Lake are closely linked to the water level fluctuations.
The interrelationship between the Yangtze River and the lake has undergone changes. In particular, earlier arrival of the dry season with a continuously declining water level has led to an abrupt shift of wet to dry seasons. As a result, cyanobacteria distributed in the inner embayment of Poyang Lake and Weilv District (Cuoji Lake and Nanji Wetland) flow into the main channel, converge at the Duchang cross section, and form band-shaped cyanobacteria clusters that extend from the slow-flow zone near the bank side to the channel center As the interrelationship between river and lake changed during the recession period from September to November, the water level started to decline earlier and the duration of the dry season became longer, thereby favoring the food supply for the wintering aquatic birds. During the waterrising stage from April to May, the water level rose and thus affected the plant growth of both lakes, possibly resulting in food scarcity for the wintering aquatic birds.
Evaluation and optimization of river-lake interactions

Evaluation of the river-lake interactions
In regard to flood control, water supply, water quality, and lake/wetland ecosystem health, the multi-criteria water security evaluation index system was developed. A 10-day maximum average water level was selected to evaluate the flood control security; a 10-day minimum average water level and a 10-day minimum average water level during the retreating season were chosen as indicators of water supply security. Dissolved oxygen, total nitrogen, total phosphorus, chemical oxygen demand, and ammonia nitrogen were selected to evaluate the water quality. Finally, the ratio of cyanobacteria and diatoms, biotic index of macroinvertebrates, Shannon-Wiener index of macroinvertebrates, and the area ratio of Phragmites and Carex belt in wetland were selected to characterize lake ecosystem health (Zhang et al. a) . The overall state of lake water security was evaluated using weighted fuzzy comprehensive analysis. Based on the results of river-lake interaction index, as well as the investigation of associations between lake water security and lake hydrological conditions, a random forest model was used to simulate the relationship of river-lake interaction index and lake water security. The state of river-lake interaction was then evaluated for Dongting Lake and Poyang Lake from 1980 to 2013.
Compared with Dongting Lake, the state of the riverlake interaction for Poyang Lake has been relatively worse, especially for the past ten years. Under the dual influence of decreased precipitation and the impoundment of the TGD, the dry season has become prolonged and extremely low water levels frequently recorded. The worsening of the river-lake interaction of Poyang Lake and the potential impacts on the lake ecosystem cause great concerns for the local management authorities.
Optimization of river-lake interactions
An optimization model was developed for the operation of a multi-reservoir system, including the TGD and major reservoirs on the tributaries of Dongting and Poyang Lake (Dai et al. ) . The optimal target is the pursuit of attaining a relative desirable river-lake interaction state for the storage period and the dry period.
In the storage period, the optimal scheduling is to appropriately store water in advance under the premise of guaranteeing the security of flood control; that is, on the basis of regular scheduling, to decrease the discharge of the reservoir system in mid-August and at the end of the storage period (mid-October to late-October) to gradually increase discharge to secure lake ecosystem health. This scheduling can basically minimize the adverse effects of the reservoir filling on river-lake interaction in normal years and wet years. It can also improve the river-lake interaction state in dry years to some extent, although the effect is relatively limited.
In the dry period, the optimal scheduling is to meet the environmental water demand of lakes to the maximum extent under the premise of normal operation of reservoirs.
It is effective in appropriately increasing discharge from the reservoir system to maintain the environmental water demand of the Yangtze River-connected lakes in dry years.
ABOUT THE PAPERS IN THIS ISSUE
The topics of the papers in this issue can be divided into Phosphorus transport across the lake sediment-water interface in Dongting Lake (Huang et al. ) and variations of water quality (Liu et al. a) and the species of phytoplankton (Cao et al. ) of Poyang Lake are studied.
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